Aims To compile and analyze critically the literature published on street children and substance use in resourceconstrained settings. Methods We searched the literature systematically and used meta-analytical procedures to synthesize literature that met the review's inclusion criteria. Pooled-prevalence estimates and 95% confidence intervals (CI) were calculated using the random-effects model for life-time substance use by geographical region as well as by type of substance used. Results Fifty studies from 22 countries were included into the review. Meta-analysis of combined life-time substance use from 27 studies yielded an overall drug use pooled-prevalence estimate of 60% (95% CI = 51-69%). Studies from 14 countries contributed to an overall pooled prevalence for street children's reported inhalant use of 47% (95% CI = 36-58%). This review reveals significant gaps in the literature, including a dearth of data on physical and mental health outcomes, HIV and mortality in association with street children's substance use. Conclusions Street children from resource-constrained settings reported high life-time substance use. Inhalants are the predominant substances used, followed by tobacco, alcohol and marijuana.
INTRODUCTION
Streets throughout the world are home to millions of children [1] who endure hardships and injustices while struggling to survive. The United Nations Children's Fund (UNICEF) defines children living and working on the street in three categories: 'children of the street', 'children on the street' and 'children from street families' [2] . Children on the street spend a proportion of their time on the street, working to provide an economic contribution to their family, but often return home at night, maintaining familial ties. Children of the street both work and sleep on the streets and have an absence of regular contact with family members. Children from street families live with their families in the street [2] .
Research on street children and their substance use habits in RCS has been limited largely to describing the prevalence and types of substances used. The prevalence estimates within the literature are inconsistent and often very divergent within countries and geographical regions. Despite studies reporting prevalence within specific locations, there are no pooled data available on the prevalence and types of substances used by geographical region, the characteristics associated with street children's substance use and reasons for use. However, substance use and misuse poses a serious threat to the short-and long-term health and wellbeing of millions of children around the world and greatly affects their potential for re-integration into communities and society. There is an urgent need to compile objective information about the epidemiology of substance use among street children in RCS and to understand the magnitude of the problem. This will inform rehabilitation and other programs designed for reintegrating children into communities. This systematic review and meta-analysis seeks to compile and analyze critically the literature published on SICY and substance use in RCS. It aims to describe the epidemiology of substance use using meta-analytical techniques, while identifying gaps in knowledge, evaluating the strength of existing evidence and identifying research needs.
METHODS

Search strategy
We searched electronic databases systematically, including SCOPUS, MEDLINE, EMBASE, Social Sciences Abstract and PsycINFO for English-language published literature and abstracts from inception to August 2011. We searched Google Scholar to identify any additional relevant documents and papers. We used the following search strategy: ('street children' OR 'street youth' OR 'homeless youth' OR 'homeless children' OR 'runaway children' OR 'runaway youth') AND ('substance use' OR 'substance misuse' OR 'substance abuse' OR 'drug use' OR 'drug misuse' OR 'drug abuse' OR 'inhalants' OR 'solvents'). We hand-searched the bibliographies of full texts assessed for eligibility to identify additional relevant papers. We included our own data that were unpublished at the time of the search [13] . When more than one study reported on the same sample of SICY, the source containing the most detailed data about the prevalence of drug use was selected for the review. One author (L.E.) reviewed all the titles returned and identified eligible studies based on the review's inclusion and exclusion criteria. We were unable to locate the full text of two papers identified through hand-searching bibliographies [14, 15] , and were unable to assess their eligibility for inclusion in the review.
Definitions
For the purposes of this review, 'street-involved children and youth' refers to any child (aged 0-18 years) or youth (aged 15-24 years) who spends a portion or majority of their time on the streets. These children and youth may have been defined in the literature as 'children on the street', 'children of the street', street children, working children, parking boys or market children. We utilized the Human Development Index (HDI) for restricting our review to resource-constrained countries. The HDI uses a combination of indicators to measure development and categorizes countries into very high, high, medium and low groups [16] . We defined RCS as all those in the high, medium and low rankings on the 2010 HDI [17] , excluding all those in the very high category. Developed countries are those in the top quartile and classified as very high; all others are considered developing [17] . We defined life-time drug use as having ever used a substance (even once) and current drug use as drug use within the past 30 days. When a study reported any overall prevalence without defining life-time or current use, for the purposes of the meta-analysis we categorized it as lifetime use.
Inclusion and exclusion criteria
Studies were included if they met the following inclusion criteria: (i) they contained prevalence data on SICY's substance use in RCS. Studies were required to have data pertaining to prevalence of one or more of the following: life-time drug use, current drug use, inhalants, alcohol, tobacco, marijuana, cocaine or other psychoactive substances; (ii) participants were aged 0-24 years and met our definition of SICY; (iii) the study occurred in an RCS meeting our definition; and (iv) the study was published in English. We included the following study designs: cross-sectional, cohort, case-control, mixed-methods and interventions with baseline data. We excluded studies that did not have prevalence data and dissertations.
Data extraction
A review protocol was drafted, edited and agreed upon by the authors of this review before commencement. Data were extracted from full texts by one author (L.E.) and included details about study design, sample size, study location, sampling location, population demographics and results for all substance use variables of interest. When it was not possible to extract data, we contacted the authors for clarification or to provide data. Of note, for four studies we were unable to extract data for pooledprevalence estimates [6, [18] [19] [20] .
Data analysis
There lacks a gold standard tool for assessing the quality of observational studies [21] . We sought to assess how studies defined substance use, street children, their sampling and analysis methods and use of validated tools. The assessment was used to establish the quality of studies in this research domain and to identify gaps in the literature; it did not factor into whether or not studies were included in the review or in the meta-analyses.
We performed a meta-analysis to estimate the pooledprevalence estimates of life-time drug use by geographical region as well as drug use by type of substance. Life-time or current drug use prevalence for specific substances (inhalants, alcohol, tobacco, marijuana and cocaine) was used to perform the meta-analysis by type of drug. When a study reported both life-time and current prevalence for the substance of interest, the life-time use estimate was selected for inclusion in the meta-analysis.
We calculated the pooled-prevalence estimates using a robust random-effects model (i.e. the DerSimonian-Laird method) [22] . In contrast to the more restrictive fixedeffect model (i.e. the Mantel-Haenszel method) [23] , this model allows for samples to have been drawn from populations that might differ systematically from one another (heterogeneity). It therefore allows for the prevalence estimates resulting from included studies to differ not only because of the random error within studies (as in the fixed-effects model), but also because of true variation from one study to the next.
The quantity I 2 , which describes the percentage of variation attributable to heterogeneity, was also calculated. We performed subgroup analyses by geographical region and type of substance. In all the analyses, twotailed tests were used and a probability level less than 0.05 was considered significant. A sensitivity analysis was performed on the geographical data to test whether one country had an undue influence on the metaanalysis in each of the geographical categories. Analysis was performed using STATA version 10 (Stata Corporation, College Station, TX, USA) software.
RESULTS
Our search identified 1518 publications ( Fig. 1 ). After removal of duplicates and application of exclusion criteria 133 papers remained for full review, with an additional 33 papers identified through hand-searching bibliographies. There were therefore 166 full texts reviewed, with 50 included in the final review. Characteristics of the studies identified are presented in Table 1 , which also contains a study number (used to refer to individual studies in the Tables) and reference number (used to refer to individual studies in the text). The 50 studies included for review consisted of 16 987 participants in total, of whom 75% were males, 21% were females and the gender of the remaining 4% was unknown due to non-reporting. Table 2 presents the methodological and geographical characteristics of the 50 studies. There were studies from 22 countries, the majority (62%) being from Africa [5, 6, 8, 13, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] and South and Central America [10, [18] [19] [20] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] , with the remainder located in Asia [9, [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] , the Middle East [58, 59] and Europe [60] [61] [62] [63] [64] . Almost all studies (41 of 50) were cross-sectional. Only eight studies utilized the UNICEF definition of street children for their inclusion criteria and only 15 studies defined drug use clearly in their methods.
The life-time drug use prevalence varied substantially world-wide, from 14% in Nigeria [5] to 92% in Honduras [44] and Brazil [39] . Additionally, life-time substance use varied substantially intracontinentally. In Africa, the lifetime drug use prevalence ranged from 14% in Nigeria [5] to 74% in Kenya [13] . Similarly, in South and Central America (40% Brazil [10]-92% Honduras [44] and Brazil [39] ) and Asia (48% Thailand [56]-81% India [49] ) a wide range of life-time drug use was reported. Figure 2a demonstrates the geographical distribution of life-time substance use among SICY from 27 studies in 13 countries. Meta-analysis of life-time substance use from these studies yielded an overall life-time drug use pooledprevalence estimate of 60% [95% confidence interval (CI) = 51-69%]. The I 2 statistic demonstrated significant heterogeneity between studies, I 2 = 97.2%, P = 0.000 (Table 3a) . Subgroup analyses demonstrated differences in life-time drug use prevalence by geographical region. Sensitivity analysis to assess whether one country had an undue influence on the meta-analysis in the geographical subcategories revealed that the combined effects did not differ significantly when omitting any given country.
Similar types of substance use were reported consistently by studies world-wide. Meta-analysis revealed that SICY reported most commonly using inhalants, followed by tobacco, alcohol and marijuana (Table 3b ). Tests for homogeneity revealed that studies were heterogeneous for each substance category. The reported use of inhalants varied widely throughout geographical regions and countries. Figure 2b demonstrates the geographical distribution of inhalant use by SICY from 27 studies representing 14 resource-constrained countries. The meta-analysis revealed an overall pooled-prevalence estimate of 47% (95% CI = 36-58%) for street children's reported inhalant use. Additionally, tobacco use measured in 28 studies from 14 countries yielded a pooled-prevalence estimate of 44% (95% CI = 34-55%); alcohol use measured in 29 studies representing 15 countries yielded a pooled prevalence of 41% (95% CI = 31-50%); and marijuana use measured in 19 studies representing 10 countries yielded a pooled prevalence of 31% (95% CI = 18%-44%). Fewer studies [12] , representing six countries, measured cocaine use. The combined cocaine data revealed a pooled-prevalence estimate of 7% (95% CI = 5-9%). The majority of cocaine use was concentrated in five studies originating from Brazil (16% crude unweighted mean), with the remaining studies from Africa [6] and Eurasia [1] with a low prevalence (2% crude unweighted mean). The use of other psychoactive substances, including pharmaceuticals (six studies) [13, 19, 28, 34, 40, 61] and injection drugs (seven studies), were reported much less frequently. Injection drug use occurred primarily in two Eastern European studies [61, 63] (43% crude unweighted mean); the remaining studies reporting injection drug use were from South and Central America [10, 38] , Asia [51, 57] and the Middle East [58] , all with a low prevalence (3% crude unweighted mean). Table 4 presents the characteristics analyzed by studies utilizing bivariate and multivariate analyses to test associations between selected variables and substance use. There was a total of 41 socio-demographic, psychosocial, health and emotional characteristics tested for their association with SICY's substance use. In those with significant findings, using substances was associated with participants who were older, male, classified as children of the street, those who had been street-involved for a greater duration, those without family contact, and those sleeping in public or communal places at night. In multivariate analysis, no consistent associations appeared, with the exception of age.
Our review demonstrates that only five studies [10, 13, 29, 48, 58] measured the association between SICY's substance use and sexual activity outcomes and three studies [10, 61, 63] in relation to HIV. However, qualitative and quantitative evidence suggests that SICY are engaging in risky sexual behavior in association with their substance use. In Sudan, qualitative inquiry found that street children admitted to exchanging sex in order to receive glue [30] . In Pakistan, 30% of male street children reported exchanging sex for drugs, with 71% of them doing so with strangers [65] ; drug users were 3.4 times more likely have ever exchanged sex for food, shelter, drugs or money [58] . Additionally, in Brazil 34% of participants in street circumstances sampled had engaged in any unprotected sex under the influence of drugs or alcohol in their life-time and the odds of unsafe sex in those using inhalants in the past year were increased [10] . In India, almost half of all children who indicated being sexually active had been forced into, paid for or were offered drugs in exchange for sex; being sexually active was associated with inhalant use [48] . Of the three studies that investigated the relationship between substance use and HIV, two studies from Eastern Europe found that being HIV-positive was associated with life-time substance use, injection drug use, the use of inhalants and other psychoactive drugs [61, 63] . In Brazil, those who had used illicit substances were 11.4 times more likely to have ever been tested for HIV and 7.8 times more likely to have friends with HIV [10] .
In relation to physical and mental health measures, we identified two studies investigating the relationship between substance use and physical health outcomes [46, 48] and one study to a mental health outcome [24] . One study found a significant association between the use of inhalants and physical symptoms of tingling and numbness, burning sensations while urinating, genital sores, headaches and stomach problems [48] . Depressive symptoms characterized as feeling sad for 2 or more weeks and feelings of loneliness were identified as being associated with the use of inhalants, alcohol, tobacco and other psychoactive substances by street children in Nigeria [24] .
We identified a total of 12 studies [8, 9, 13, 28, 30, 33, 34, 38, 39, 42, 49, 54] from eight countries, measured using qualitative and quantitative methods, that explored the reasons why street children engage in drug use or their reason for first use. A wide variety of responses was reported, with the five most commonly reported reasons for engaging in substance use being: peers and peer pressure (seven studies), to forget their problems and to escape reality (five studies), to feel good or pleasurable (five studies), to experiment (four studies) and to gain courage and strength on the streets (three studies). 
DISCUSSION
Main findings
This systematic review and meta-analysis indicate a high prevalence of substance use among SICY in RCS with significant variation by geographical region and study methodology. Specifically, our results confirm that the majority of SICY around the world, in a variety of cultures and contexts, are using volatile solvents. Although injection drug use garners significant attention in the literature due to the risk of contracting HIV and other blood-borne infections, our review demonstrates that non-injection drug use is more common among SICY in RCS. The nature of the substances they use could have a major impact on morbidity and mortality [66] , as well as impacting upon their potential for social reintegration. Further, these pooled-prevalence estimates are several times higher than those published by the World Health Organization of the life-time psychoactive substance use (including alcohol) of non-street youth globally [67] . Our findings provide insight into the factors associated with substance use. In particular, the duration of time a child has been street-involved, where the child was staying at night and having family contact were associated consistently with substance use in all studies that measured these characteristics; moreover, older age, male sex, sexual activity and whether being on or of the street are all related to substance use. Our review further identifies that peers and peer pressure are the most commonly reported reasons why SICY engage in substance use.
Gaps in the literature and research priorities
This review has determined that the majority of the substance use literature encompassing SICY in RCS is cross-sectional and descriptive in nature, focused on determining the type and prevalence of drug use with limited statistical analysis. Expanding research initiatives and conducting longitudinal studies is necessary to understand the risk and protective factors associated with substance use in this vulnerable population. We have minimal knowledge about what predicts street children's initiation, ongoing use and cessation of substances. We also found a poor representation of females in these studies; nine did not include any girls in their sample. Street-involved girls and young women might be both more marginalized and more vulnerable while also being less accessible for research. This lack of equity is likely to result in an important gender-based selection bias in this field of inquiry.
Another major concern is the paucity of information available on the physical and mental health outcomes that street children and youth could develop due to their misuse of multiple substances. In other populations, inhalants have been linked to cognitive and neurological impairment, sudden sniffing death syndrome due to cardiac arrhythmia, renal, pulmonary and teratogenic effects [58, 66, 68] . Additionally, evidence exists of psychological and physical dependence among volatile solvent users [30, 69] . However, little is known about street children's addiction to inhalants, and the psychological and cognitive impacts sustained by this population. Although the use of substances is linked to detrimental health outcomes, our review revealed that only two studies investigated the relationship between substance use and physical health outcomes [46, 48] and one study to a mental health outcome [24] .
The use of drugs often leads to risky sexual behavior, including commercial sex work, exchanging sex for drugs and forced sex. These high-risk behaviors, in association with drug use, could expose individuals to HIV, other sexually transmitted infections and violence, yet little to no information about these behaviors and health outcomes in this population is available. Although it has been identified that some SICY are exchanging sex for receiving substances or while under the influence, little else is known. Due to the relationship that is known to exist [70] between drug and alcohol use and engaging in unsafe sex, exchanging or selling sex and rape, it is crucial to understand these dynamics more clearly in the context of solvent use and understand their impact upon HIV and mortality risks. The dearth of data on these issues represents several critical gaps in the literature.
Limitations
There are limitations to our findings. First, this review included only studies published in English. Secondly, the quality of the studies did not factor into whether or not they were included in the review or meta-analyses. Thirdly, we were unable to perform meta-analytical procedures to assess the differences in drug use among children on the street versus of the street, due to the limited number of studies that reported drug use stratified by these classifications. Fourthly, it should be considered that, due to the sensitive nature of questions regarding substance use, social desirability biases as well as the relationship between the children and the interviewer and the sampling origin may have affected prevalence estimates. Children may have been less likely to answer truthfully regarding their substance use habits if it precluded their participation at a drop-in centre or expulsion from a shelter/institution or if they distrusted the interviewer. Fifthly, although in all analyses we rejected the null hypothesis of homogeneity, the varying methodological quality of the studies may have contributed to varying estimates of drug use prevalence. Sixthly, the analysis of factors associated with substance use and reasons why street children engage in substance use are from data in the 50 studies that were identified based on the review's eligibility criteria. Therefore, it is possible that studies addressing only those topics that did not meet our eligibility criteria were excluded. Finally, it is important to note that aboriginal and First Nations youth are often street-involved and using volatile solvents and other substances [12, 71, 72] . However, because, technically, they live in very high HDI countries (albeit in environments often referred to as 'Third World conditions' [73] ), they were not included in this review.
Other important considerations arising from this review are that a number of studies included children who were currently attending school and classified them as street children, and very few utilized the UNICEF definition for inclusion criteria. Children classified by various definitions as 'street-involved children and youth' may have altered the comparability of the studies. This finding points to the need to develop a universal and standardized definition of what constitutes being a street-involved child or youth. Additionally, many studies measuring drug use failed to define what constituted substance use in their study, and whether it was life-time or current use; nor did studies explore levels of abuse and dependency. Furthermore, in certain circumstances we were unable to extract data for inclusion in the meta-analyses due to poor reporting and combining data on different drugs. In order to obtain clear estimates of the burden of substance use and abuse in this population there is a need to define, and distinguish clearly, life-time use from abuse and dependency as well as current using patterns; ameliorating reporting and defining variables clearly will ensure that results are interpreted effectively with relevant conclusions. Although some studies (eight of 50) indicated using a validated data collection tool, it was developed by the World Health Organization in 1981 for assessing Drug Use in Non-Student Youth [74] . The development of an updated valid and reliable substance use data collection tool to use with SICY could improve data collection and comparability between studies.
CONCLUSION
This review has identified key issues requiring urgent public health action. The widespread use of inhalants is particularly concerning due to legal availability and unrestricted sales to minors, as well as detrimental health effects, and should be a major concern for law and policymakers. It is likely that the use of inhalants could impact upon the ability of street children to be integrated into society and resume a normal life. While there is a need to investigate further the link between their substance use and health outcomes, we hypothesize that due to their drug use they are at higher risk of poor health outcomes, including HIV and mortality. Additional effort and collaboration between policymakers, communities and researchers is essential to understand and implement mechanisms to reduce the harms associated with using inhalants, while also preventing and stopping substance use among this vulnerable population.
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